Objective: This study aimed to evaluate seasonal variations in stroke incidence in a city in southeast China.
| INTRODUCTION
Seasonal fluctuations of stroke incidence have been investigated in many studies, but with inconsistent results. [1] [2] [3] [4] [5] [6] [7] [8] While some studies have reported increased stroke incidence, mortality, and hospitalization during the colder winter, and decreased ones during the warmer summer, [1] [2] [3] [4] [5] others have reported the reverse 6 or have failed to detect significant seasonal variations. 7, 8 These inconsistencies may be attributed partly to differences in sample population, local meteorological profiles, and study methodology and thus warrant further study.
Previous studies indicated that local geographic and climatic profiles may be an important factor influencing seasonal variation in stroke incidence. 9 For example, seasons tend to be more distinctive in high-latitude than in low-latitude regions. Circannual variations of temperature, rainfall, and humidity, all of which have been associated with stroke risk, 10 tend to be stronger in continental than in oceanic climates. 11 Seasonal variation of stroke incidence, therefore, may be more prominent in high-latitude regions with continental climates. In this study, we examined the monthly and seasonal variation of stroke incidence in Wujin, a city located in southeast China, and with 4 distinctive seasons. The city has an adult population of more than 1 million, which allows such incidence evaluation.
| METHODS

| Season and climate profiles in Wujin City
Wujin was classified a county in southeast China before 1995. 
| Stroke diagnosis and case confirmation
The enrolled patients included all residents aged 20 or older in Wujin
City hospitalized with a first-ever stroke in the city hospitals or clinics between January 1, 2006, and December 31, 2007. We excluded very young stroke cases (<20 years old) in this study because stroke in children and juvenile population is relatively rare, and etiologies of children stroke may be different from those in adult stroke. 13 There were 17 hospitals and 329 physicians included in the study. All of these hospitals are qualified for managing acute stroke patients, and all physicians were certified neurologists. Stroke was diagnosed, classified, and reported by physicians in the local hospitals and clinics.
Patients with transient ischemic attack (TIA) and without a subsequent stroke were not included. Stroke was defined as sudden onset of neurological symptoms, which continued for at least 24 hours unless interrupted by death or artery recanalization treatment (eg, thrombolysis or thrombectomy).
14 After a patient was diagnosed with stroke, previous medical history was reviewed to exclude recurrent stroke. For wake-up stroke, time of stroke onset was determined as the last known normal time.
Because each stroke patient can be reimbursed if he or she is a permanent resident of Wujin City, we could confirm stroke cases by the local health insurance system. With this strategy, we could exclude stroke patients who were not permanent residents of the city. By checking the reimbursement database, we could also include some neglected cases by further rechecking the medical records.
Out-of-hospital deaths were checked by local vital registry system. This study was approved by the Institutional Review Boards of the local participating hospitals. Each hospitalized patient was invited to sign an informed consent for using that their data in future research.
| Statistical methods
This study covered the period between January 1, 2006, and December 31, 2007 . During this 24-month period (730 days), the monthly and seasonal stroke incidences were calculated and compared. The year was divided into 4 seasons: winter included December, January, and February; spring included March, April, and May; summer included June, July, and August; and autumn included September, October, and November. To examine the effect of age on the patterns of stroke incidence, patients were stratified into groups younger than 65 and those 65 years or older at the time of stroke onset.
Annual incidence was defined as rates per 100 000 per year. Rate ratios were calculated with spring as reference. Annual incidence rates of stroke per 100 000, including 95% CI, were calculated for each month and each season. To calculate the annualized incidence of stroke in a given month, the total number of stroke cases within the month was divided by the number of subjects at risk within the city across the 2 years of available data. For example, the annualized stroke incidence for January was calculated by the case numbers in January divided by the population at risk, and then divided by number of involved years (2) , and then further divided by proportion of day in January in a year (31/365). Annualized stroke incidences in seasons were calculated using the same method. The population demographic data were derived from 2010 China National Population Census.
Stroke incidences in different months were ranked and compared using the chi-square test. The relative risk of stroke occurrence was evaluated with the month of lowest stroke incidence set as reference.
Using the same methods, stroke incidences in seasons were evaluated 2 of 5and compared. The odds ratio (OR) was calculated separately by sex, age group, risk factor strata, and by stroke subtypes.
All statistical analyses were performed using SPSS for MS Windows, version 13.0 (SPSS Inc). An α level of 0.05 was deemed as statistically significant.
| RESULTS
The total population of Wujin city was 1 560 000, and the population of residents aged 20 [11] [12] [13] prevalences of hypertension, DM, and smoking were significantly higher in stroke cases (P < .01). Figure 1 shows the monthly fluctuation of stroke incidence in male, female, and overall adult population. There is 1 peak of monthly stroke incidence in male, female, and overall adult population. Annual stroke incidence per 100 000 was highest in September (125.2; 95% CI = 109.4-139.3) and lowest in January (78.8; 95% CI = 69.1-93.2).
September had a 58.9% higher stroke incidence compared with January (RR = 0.650, 95% CI = 0.536-0.788, P < .05). Stroke incidence in September was highest in both men (136.7; 95% CI = 114.8-158. 
| DISCUSSION
In this study, we found a significant monthly fluctuation of stroke incidences in a city located in southeast China. Both overall stroke incidence and ischemic stroke incidence were highest in September.
In most previous studies, the highest incidence of stroke was found in the colder winter or spring. [1] [2] [3] [4] [5] A recent national study in Finland reported that all major stroke subtypes occurred most commonly in autumn and less frequently in summer. 18 In this study, we found the incidence of stroke to be highest in September (autumn). These disagreements may reflect local seasonal variations and demographic profiles of the study population. In Wujin City, July and August have the hottest and wettest days of the year, while December and January have the coldest and driest days in the year. Weather changes gradually from hot to cold and from wet to dry in September and October. Blood pressure and blood glucose levels may change to adapt to this changing environment. 19 The weather changes may have resulted in fluctuation of these physical parameters and subsequently influenced the risk of cardiovascular diseases. 19, 20 This hypothesis has been supported by a recent study, in which a positive association between diurnal temperature range and risk of cardiovascular diseases was established. 21 Why stroke risk varies among seasons is not fully understood.
Change of physiological processes adapted to the weather could serve as a trigger for stroke occurrence. 22 Variations in temperature among seasons have been presumed to be a possible cause underlying seasonal variation of stroke risk. 23 Cold and dry weather could result in increased blood pressure, hematological changes, and respiratory infections. 24 The cold and dry weather may enhance evaporation load and increase physical need for salt and subsequently increased blood pressure and stroke risk. The cold weather may also limit outdoor physical activity and enhance fat reservation 25, 26 and consequently increase risk of obesity and related metabolic abnormalities. 27, 28 In the cold weather, residents tend to consume more alcohol, which may increase alcohol-related stroke risk. 29 Seasonal pattern of influenza epidemic, air pollution, and other respiratory tract infections are also presumed to influence the seasonal variation of stroke risk. An increasing number of studies have linked ambient air pollution with the risk of ischemic stroke. 30 The potential effective pollutants include SO 2 , NO 2 , O 3 , NO, CO, and fine particulate matter (PM <2.5 μm in diameter, PM2.5). 31, 32 The pollutants may be diluted in the rainy days. As in this study, Wujin city has the most rainfall in the summer, so air pollution grade is lowest in the summer.
The fluctuation of air pollution among seasons could also influence stroke risk. 30 This study indicated that the rise of ischemic stroke In conclusion, we found increased stroke incidence in September (autumn) in a city of southeast China. This increased risk of stroke was observed in both young and old subjects and in both men and women. There was increased incidence of intracerebral hemorrhage 
